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ABSTRACT 
With an increasing level of collaboration amongst researchers, software developers and 
industry practitioners in the past three decades, building information modelling (BIM) is 
now recognized as an emerging technological and procedural shift within the architect, 
engineering and construction (AEC) industry. BIM is not only considered as a way to 
make a profound impact on the professions of AEC, but is also regarded as an approach 
to assist the industry to develop new ways of thinking and practice. Despite the 
widespread development and recognition of BIM, a succinct and systematic review of the 
existing BIM research and achievement is scarce. It is also necessary to take stock on 
existing applications and have a fresh look at where BIM should be heading and how it 
can benefit from the advances being made. This paper first presents a review of BIM 
research and achievement in AEC industry. A number of suggestions are then made for 
future research in BIM. This paper maintains that the value of BIM during design and 
construction phases is well documented over the last decade, and new research needs to 
expand the level of development and analysis from design/build stage to post-
construction and facility asset management. New research in BIM could also move 
beyond the traditional building type to managing the broader range of facilities and built 
assets and providing preventative maintenance schedules for sustainable and intelligent 
buildings.  
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INTRODUCTION 
Over the past three decades, advances in information technology, particularly in the arena 
of building information modelling (BIM), has made construction practitioners to rethink 
the way of information sharing of construction project and innovative approaches for 
generating and managing building data during its life cycles (Lee et al., 2006). Despite 
the significant amount of research and studies on BIM over the years, it has been argued 
that the building and construction industry continues to lag behind in BIM development 
while industries like automotive and shipbuilding manufacturing have been successful in 
integrating electronic product models into their operations for more than two decades (Li 
et al., 2008). There is a lack of systematic review of existing research efforts and 
achievements in BIM. A comprehensive review on existing research provides great 
benefits to identify where more efforts are needed and therefore the future research 
directions. Therefore, the objective of this study is to consolidate existing research efforts 
concerning the BIM development in the building and construction field, and to identify 
promising areas for study. The purpose of this paper is to provide a succinct and 
systematic review of the existing research in BIM in order to identify and suggest future 
research directions. Prior to embarking on the exploration of the BIM, a brief account of 
the development of BIM followed by a discussion of definitions of BIM was first 
provided. Then, an overview of previously published work from BIM researchers and 
developers will be presented. The paper concludes with the development of directions for 
future research and its possible contribution to the BIM development. 
 
EVOLUTION OF BIM 
BIM is a revolutionary technology and process that is transforming the way buildings are 
designed, planned for, constructed and managed (Hardin, 2009). It is also regarded as an 
approach to assist the construction industry to develop new ways of thinking and practice. 
According to Smith (2007), BIM is ‘a digital representation of the physical and functional 
characteristics of a facility’. It provides a ‘shared knowledge resource for information 
about a facility forming a reliable basis for decisions during its life-cycle from inception 
onward’. Since it inception, a number of systems and tools have been made available, 
among which is Virtual Prototyping (VP) technology, a computer aided decision tool 
through digital product models and realistic graphical simulations (Li et al., 2009). 
Because of the novice nature and a huge potential, BIM is a widespread and popular 
subject of research and application in the AEC community. 
 
According to Schlueter and Thesseling (2009), BIM was originated from the concept of 
semantic data models in machine engineering in the 1970s. These semantic data models 
were designed for connecting logical and physical information. Example of early BIM 
development in AEC industry include the Building Design System (BDS), which was 
generated under a funded research project by the UK government in mid-1970s. Another 
early BIM is Really Universal Computer Aided Production System (RUCAPS), a 
computer aided design (CAD), which was developed by John Davison, and John Watts 
from the Liverpool University. These two building modelling systems were used by early 
adopters in the UK and U.S. through the mid 1980s (See, 2007). Schlueter and Thesseling 
(2009) further defined three major types of information involved in the BIM – (i) 
geometric, (ii) semantic and (iii) topological information. Geometric information directly 
relates to the building form in three directions, semantic information describes the 
properties of components, while topological information captures the dependencies of 
components. Figure 1 summarizes the common processes and tools which are adopted in 
the building and construction industry for the delivery and transfer of building 
information. 
 Figure 1 Building Information Applications, Processes and Tools 
 
A REVIEW OF BIM RESEARCH 
An extensive literature search reveals that research and development on BIM can be 
divided into following two main directions: (1) design planning and construction, and (2) 
post-construction management. The following sections discuss some of the most notable 
past BIM research in these two categories and the main characteristics exhibited. 
 
BIM for Design Planning and Construction  
Over the past few years, a great deal of research efforts has been placed on the 
development of innovative BIM systems in the aspect of design planning and construction 
of building projects. Li et al. (2009) identify two key purposes for applying BIM in pre-
construction planning. First, it aims to allow project planners to view their static realistic 
images and check for design errors and collisions by using information embedded in 3D 
models. Second, BIM is adopted as a detailed building component model to act as a 
design check and to develop a detailed construction activity. The decomposition of a 
product is a precondition of simulation and the assembly of parts is closely related to the 
simulation process. Early works such as Rezgyu et al. (1996) provided a conceptual 
framework consisting of four levels of abstraction and functionality which facilitates the 
recording of the intent behind construction project decisions, thereby providing a 
complete project history. Other examples of outstanding works include those early 
‘genetic algorithms-based’ studies by Chan et al. (1996), Hegazy (1999), Leu and Yang 
(1999), Hegazy and Kassab (2003) and also recent virtual prototyping research from 
Heng et al. (2008 and 2009). Despite these efforts, the problems of these early works are 
associated with insufficient attention to the real productivity rate of different machineries 
and manpowers in their model design (Li et al. 2009).  
 A more recent development of BIM technologies involves the use of visual 
representations in the project schedule and associated information combined with visual 
representations of the project in progress (i.e. 4D CAD). According to Russell et al. 
(2009), these tools assist project teams to identify effective construction strategies for 
shortening project duration, examine their workability, and review overall schedule 
quality. For example, Ma et al. (2005) developed an integrated site planning tool (i.e. 4D 
Integrated Site Planning System (4D-ISPS)) which aims to integrate schedules, 3D 
models, resources and site spaces together with 4D CAD technology to provide 4D 
graphical visualization capability for construction site planning. Hartmann and Fischer 
(2008) developed an integrated process of how project teams can use 3D/4D models 
efficiently to support the knowledge communication and generation needed during the 
constructability review on construction projects. A dynamic visualization environment 
was formulated by Russell et al. (2009) to link 3D CAD and a generalized 
implementation of CPM which embraces linear planning to create custom 4D images.  
 
Another advanced BIM application in design planning and construction relates to the 
adoption of virtual reality (VR) technologies. The VR technology has been extensively 
and successfully applied to the automobile and aerospace fields, the technology has only 
been started in the construction industry in the last few years (Whyte et al., 2000). VR is 
used within the construction industry for design applications, for collaborative 
visualisation and as a tool to improve construction processes. VR forms a natural medium 
for building design as it provides 3D visualization, can be manipulated in real-time and 
can be used collaboratively to explore different stages of the construction process. Li et 
al. (2008 and 2009) applied the virtual prototyping (VP) technology for construction 
simulation and planning. The Construction Virtual Prototyping (CVP) model was 
developed to assist project planners to better understand the construction process and 
predict possible mistakes. The model requires designers to modularize their design into 
BIM models, which are 3D models with information for performance evaluation of the 
models. Practitioners can ‘try before build’ the project. The model helps to realistically 
simulate construction processes and effectively capture design and construction 
knowledge which can be re-used in future projects (Li et al., 2008).  
 
Post-Construction BIM 
For the last few years, there has been an increasing emphasis within BIM research and 
practice on the demand to develop building information frameworks for facility and asset 
management in order to meet the growing demands being placed on the industry by its 
clients, professionals and occupants. Developers are becoming aware of the benefits of 
moving IT tools from specific applications towards more comprehensive solutions 
(Howard and Björk, 2008). Maver and McElroy (1999), one of the earliest BIM 
applications on the managing energy efficiency of the building, develop a computer-based 
simulation of the physical environment made available to architects through an Energy 
Design Advice Scheme. It provides a way of explaining the design decisions impact upon 
the energy efficiency and environmental friendliness of buildings. In the study of data 
modelling requirements of the simulation of building life cycle, Ozel and Kohler (2004) 
identify three important parameters for such data modelling process - data model for 
buildings, process models and decision models. A flexible maintenance and 
refurbishment decision model is crucial as it captures decisions regarding individual 
components as well as sub-systems. This is an essential part of life cycle analysis of 
buildings, since different refurbishment decisions can lead to different results in life cycle 
simulation. It is also important to capture ‘change over time’ in the data model, including 
a temporal and a spatial data set. Other research in the development of life-cycle BIM 
system includes Cox and Terry (2008) 
 
One of the most influential and innovative works on post-construction BIM in recent 
years is considered to be Construction Engineering Research Laboratory (CERL) (East, 
2007). CERL developed an integrated BIM/LEED platform called Construction 
Operations Building Information Exchange (COBIE) which is used to collect the O&M 
information as part of the BIM. In fact, LEED is a series of green building rating systems 
developed by U.S. Green Building Council (USGBC). The COBIE is a data standard for 
documenting the information needed to optimize a facility’s life cycle and reduce its 
operating costs. The COBIE approach integrates the capture of project data as it is created 
during design, construction and commissioning. Such approach helps facility managers 
and planners to collaborate. BIM can serve as the integrating platforms that capture 
information from the beginning to the end of a facility’s life cycle—from the critical 
transition period from sustainment to recapitalization planning. Another pioneering BIM 
work in post-construction facility management is currently being developed by Watson et 
al. (2009). A pilot program known as BIMam (Building Information Modeling for Asset 
Management) is proposed for managing existing facilities through virtual modeling with 
the funding supported by an agency of the U.S. Department of Defense. The program 
features an innovative solution combining a modified BIM and structured facility asset 
management process. In brief, this BIMam pilot program contains building system 
components spatial data that must be readily accessible without removing any building 
elements/materials; significant relative to preventative maintenance schedules; high 
mission criticality to building occupants or contribute significantly to the overall cost of 
facility asset management.  
 
Despite the proliferation of BIM research interests, the development and application of 
BIM has been limited to certain phases of a building’s life cycle. A scoping study was 
done on over fifty cases of BIM research, development and application through research 
reports between 2008 and 2009 from such organizations as NIST (National Institute of 
Standards and Technology, USA), CRC-CI (Cooperative Research Centre Construction 
Innovation, Australia) and AIA (American Institute of Architects, USA), and 
supplemented by journal articles. The study shows that building design and construction 
professionals perceive the value of BIM differently in building development phases 
(NISTIR 2007, CRC-CI 2007, AIA 2008, and McGraw Hill 2009). BIM was considered 
most valuable in providing design optimization (54%) and documentation (55%) for 
construction works (Figure 2). There is a lack of understanding and desire to using BIM 
in post-construction phases (15%). Few applications involved building refurbishment and 
the few that did consider were limited to sharing design information only, rather than 
handling substantial tasks of decision support through scenario checking and evaluation. 
 Figure 2 Perceived value of BIM by building development phases  
(Source: McGraw Hill 2009) 
 
RESEARCH GAPS AND POTENTIAL DIRECTIONS 
A succinct review of preceding research efforts in the BIM arena suggested that current 
research has been criticized for over-emphasis on the initial planning, design and 
construction. As argued by Cox and Terry (2008), the future BIM must integrate all 
aspects of a facility’s life, to include security, emergency response, operation, 
maintenance, and focus on optimization of not only the planning, design and construction, 
but all aspects of the buildings operation. Riese and Shelden (2008) also pointed out that 
it is important to identify and provide new values to owners beyond those traditionally 
associated with project information and it is also important to understand the owners’ 
needs for operating, maintenance and security. Singh et al. (2009) also clearly identify the 
need to extend the BIM technology to the facility management industry as the ‘assets are 
aging and reaching the end of their expected lifespan; the gap between the condition of 
assets and maintenance budgets is continuing to grow; and dwindling funding resources 
in light of today’s tight economy are presenting new challenges and added 
responsibilities’. 
 
Traditionally, maintenance and refurbishment of office buildings has been troubled by 
poor building documentation and lack of reference to successful examples. Designers and 
consultants may not necessarily have access to the latest building technologies, products 
and systems. Building contractors consider refurbishment high risk and tend to apply 
excessive mark-ups. Previous research on refurbishment identified the needs for building 
structural assessment and modelling of operating and maintenance costs (Reyers 2001). 
New architectural and engineering designs that maximise the utility of the existing 
structure, resulting productivity improvement and risk mitigation were also highlighted 
(Gray, 1999 and Skorupka 2001). There was research on specific construction 
management procedures including procurement methods, work flow and scheduling and 
occupational health and safety (Cox 2004). More recently, the use of building automation 
systems to improve occupational health, increase business organisational flexibility, and 
uplift productivity has been highlighted (Hartkopf and Loftness, 2007). Building service 
integration, improvement of indoor environment, smart building function control, and 
organisational flexibility, needs to be properly addressed through refurbishment work 
(Lee, et al 2000; Yang and Lim 2007). A holistic consideration of the traditional 
challenges of building refurbishment and linking them with intelligent building concepts 
and sustainability may provide solutions in response to the global environmental 
challenge and workplace health concerns. These problems represent different professional 
issues, project development phases and building components, which are often dealt with 
in isolation. They can be significantly be alleviated through systematic decision support 
and scenario checking on alternatives of design, processes, products and stakeholder 
involvement. This presents an ideal setting for BIM applications. 
 
New BIM Research  
The research by the authors will fill the gap through identifying and applying appropriate 
Virtual Prototyping (VP) technologies to aid the decision making of building 
refurbishment, with a focus on smart and sustainable measures. As a specific BIM 
application tool, Virtual Prototyping (VP) is a computer-aided decision making process 
concerned with the construction of digital product models and realistic graphical 
simulations that address the broad issues of physical layout, operational concept, 
functional specifications, and dynamics analysis under various operating environments 
(Pratt, 1995 and Shen et al., 2005). It has also been proven as particularly suited for 
decision support applications (Li et al 2008). For this research, it is hoped that the entire 
development processes of building refurbishment can be presented then executed virtually 
through the VP technology. This will allow decision makers to view 3D images of design 
alternatives, experiment with intelligent building features through visual image and 
access to output data, predict sustainable outcomes such as lighting efficiency and air 
distribution coverage, evaluate construction methods, and identify constructivity 
problems prior to project commencement. VP can be used to alter designs and see 
implications, check design problems, modify them quickly, and then simulate the 
refurbishment process in a virtual environment to present an information-rich and 3D 
facilitated construction procedure with decision making guidance. This provides 
systematic problem solving to key aspects and tasks of the whole refurbishment project as 
decision support. 
 
From the theoretical angle, the research proposed by the authors will advance BIM 
development and will expand existing BIM considerations into post-construction areas 
that are particularly suited for a specific type of BIM technology, Virtual Prototyping, as 
the catalyst for change poised to reduce industry’s fragmentation, improve its 
efficiency/effectiveness and lower the high costs of inadequate interpretability. Current 
delivery methods include providing the facility manger with CAD documentation or 
creating a Record BIM (Succar 2009) but this is highly inadequate. Research on how 
information acquired from design-construction process can be passed to and used in post-
construction phases will provide a useful reference for researchers as well as owners, 
occupants, and facility managers alike. The new research will help to develop a general 
framework for applying BIM to post-construction phases of building projects. Such 
frameworks may concern with modelling method, contents of model, information 
collection, project based challenges and level of details. It also explores BIM 
functionality in post-construction fields and information handover, and identify effective 
methods or sharing information from design through construction to building service, 
maintenance, refurbishment and disposal phases. Also, it aims to verify BIM 
benefits/practicality in post-construction fields by applying VP to real projects. In short, 
the potential benefits from BIM use throughout the life of an office building project needs 
to be better justified. Compared to design automation, users experience fewer benefits of 
BIM application in post-construction works, such as commissioning, operation and 
maintenance, refurbishment and upgrade, discompose and disposal. The research by the 
authors provides a positive move towards ‘completing the circle’. 
 
CONCLUSION 
BIM has emerged as a major technology trend and a promising tool for planning, design, 
construction and facilities management functions. A succinct review of preceding 
research efforts in the BIM field was presented, along with the identification of some of 
the research deficiencies. Specifically, the paper reveals that previous research efforts 
have focused mainly on pre-construction design and planning, perhaps due to reasons of 
perceived higher value of BIM application in these phases by building professionals. Two 
outstanding research deficiencies were identified in this study. First, existing research is 
fragmented and lack of connection of the BIM technology in construction field, in 
particular in planning, design, construction and facilities management functions in the 
past decade. These development however apparently are all independent of each other. 
Also, relatively less attention has been paid to application of BIM on managing the 
facility and asset in the intelligent building. In many countries, this may present a 
significant potential for the future as existing building stocks age and demands for smart 
and flexible building services increase. 
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